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AEROPLANE  AND  APitANECT  EffERIMENTAL  ESTABLISHMENT  28WVS6: 
3QSCQMBB  DOWN 

Assessment  of  A»io-I.L.S.  Approaches 
by 

*'  K.  l$yre  B.Sc.,  D.I.C., 


V''  Summary 

In  making  flight  tests  on  auto-control  systems  the  effect  of  tolerances 
on  the  various  components  in  the  system  nay  have  a  significant  effect , on  the 
performance.  At  A.  &  A.E.E.,  in  recoaaending  clearance  for  the  Service,  it 
i3  required  to  determine  the  likely  limits  of  performance  that  will  be  met 
in  general  use,  from  the  smallest  practicable  number  of  tests. 

This  note  describes  the  recommended  procedure  for  flight  testing  Auto-I.L.S. 
approaches  at  A.  &  A.S.E.  and  gives  a  method  for  estimating  the  "Aircraft 
Approach  Limitation"  height.  The  method  can  be  applied  to  other  types  of 
approach  system.  The./ object- of  the  .note  is  to ’give  a  systematic  method  of 
testing,  iduch  from  a  practicable  number  of  tests  covering  what  are  thought 
to  be  the  most  important  variables,  ‘.dll  give  a  reasonable  degree  of  certainty 
tHat  the  A.A.L.  height  is  adequate  and  t^at  the  performance  will  be  acceptable 
in  Service  U3e.  No  account  is  taken  of  power  flying  control  or  aerodynamic 
.differences  between  aircraft. 

The  report  lias  been  written  in  order  to  stimulate  discussion  and  exchange 
of  ideas  in  this  comparatively  new  field  of  flight  testing;  it  is  not 
intended  at  this  stage  to  represent  a  mandatory  flight  test,  schedule. 
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1 V.  Introduction 

The  test  technique  given  in  this, paper  is -based-on -established  methods 
but  take 3  into  account  additional  variables  which  have  not  previously  been 
assessed  systematically.  The  paper  is  intended  to  stimulate  discussion  and 
exchange  of  ideas  in  this  comparatively-  new- field  of  flight  testing  but  not 
at  this  stage  to  give,  a  mandatory  flight  test  schedule.  Certain  aspects  of 
the  testing  will  also  apply  to  future  "Automatic  Landing  Systems". 

The, object  of  the  assessment  is  to  determine  whether  or  not  the  aircraft 
type -will-  behave  in  a  safe  and  comfortable  manner  during  the  whole  approach  on 
any  ground  installation  and  also  to  determine -the  minimum- safe  height  to  which 
the  aircraft  can  be  allowed  to  descend  under  auto-pilot  control  in  non-visual 
conditions. 

As  the' approach  performance  is  affected  by  a  number  of  variable  quantities 
(i.e.  'I.L.S.  beam  characteristics,  auto-pilot  characteristics,  aircraft 
configuration,  aircraft -speed;  t  c.)  it  is  essential  to  flight  test  over  a 
practical  range  of  as- many  of  these  variables  as  possible.  In  Section  3, 
which  gives  the  recommended  test ’procedure,  most  of  the  variables  are  listed 
but  as  the  possible  variations  in  I.L.S.  beam  characteristics  may  not  be.  fully 
appreciated  these  are  described  in  some  detail  in  Section  2. 

In  Section  A  a  method  is  given  for  estimating  the  "Aircraft  Approach 
Limitation"’ height.  The  method  13  based  on  estimates  of  flare  and  sidestep 
distances  assuming  known  aircraft  characteristics.  These  estimates  are 
described  in  detail  in  Appendices  I  and  II.  This  method  can  also  be  used  for 
assessing  A.A.L.  values  for  manual  I.L.S.  approaches  or  for  other  types  of 
approach  guidance  system  such  as  G.C.A. 

2.  *  I.L.S.  beam  characteristics 

The  I.L.S.,*  bean  system  provides  angular  displacement  information  to  the 
pilot  or  auto-pilot,  in  both  azimuth  and  pitch,  by  means  of  two  ground  radio 
transmitters.  Tho  transmitter  providing  azimuth  information  is  known  as',  the 
"Localiser"  and  it  radiates  two  overlapping  beams,  equal  signals  from  each 
being  received  on  the  correc.t  path  and' one  or  the  other  predominating  if  the 
aircraft -deviates1  from  it.  Near  the  beam  centre  piano  the  error  signal  is 
intended- to  be  proportional  to  the  angle  off' the  centre  plane.  It  is  desirable 
for  the  Localiser  transmitter  to  be  situated  on  the  extended  runway  centre  line 
as' shown  in  Pig.  1,  but  in  some  installations,  duo  to  shortage  of  landdn  the 
-overshoot  area,  it  has  been  necessary  to  place  the  Localiser  at  tho  side  of 
tho  runway  in  an  "Offset"  position.  In  the30  installations  the  equal  signal 
plane  is  not  parallel  to  the  runway  centre  lino  but  intersects  it  ahead  of  the 
touch  down  point. 

Tho  transmitter  providing  pitoh  information  is  known  as  the  "Glide  Path" 
and  it  radiates  two  overlapping  beams,  in  a  similar  manner  to  the  Localiser 
but  in  the  vertical  plane,  with  t*  -  equal  signal  plane  inclined  at  approximately 
5”' 'to  the  horizontal. 


Two  "Marker  Beacon"  transmitters  known -as  "Outer"  and  "Middle"  markers 
aro  also  provided  and  these  ire,  placed  along  the  approach  path  at  fixed  points 
to  give  the  pilot  positive  range  information. 

The  azimuth  and  pitch  angular  distances  from  the  two  beam  centre, planes 
are. displayed  to  tho  pilot  on  an  "I.L.S.  Meter".  The  meter  has  two  pointors, 
one  vertical'  and  one  horizontal.  The  pointers  move  over  a  scale  on  which  i3 
marked  a  circle,  in  the  centre,  and  four  dots  in  caoh  direction  of  movement. 
The -circle  radius  i3  one  dot  and  the  full  scale  deflection  is  said  to  be  five 
dots,  which  corresponds -to  a  signal  input  of  150  micro  amps.  In  an  automatic 
approach  the  pilot  monitors  the  approach  by  reference  to  the  I.L.S.  meter. 
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2.1  Locallsor 


2.1.1  Setting-up  requirements,  'The  following  are  the  main  beam 
requirements  affecting  performance  testing  as  given  in  AP.2888.H. 

(X)a.  In-line  installation 

The  'direction  of  the  "course  line 11  of  the  beam  must  be 
along  the  centre-line  of  the  runway.  (No  Units  given  but 
within  +0.1°  of  the  centre-line  is- thought  to  be- reasonable.) 

(I)b.  Offset  installation 


The  direction  of  the  "course-lino "  of  the  beam  must 
.  intersect  the  centre-line  of  the  run, ray  at  a  distance  of  1860  ft. 

'down  wind'  from  the  glidepath  transmitter.  (No  limits  given.) 

(n)  The  preferred  angular  width  for  15»5#  D.D.hV*  (150  micro 
amps  which  is  full  scale  do  fleet  ion  of  the  I.I.G.  meter  i.e.  3  dots) 
is  +2|°.  The  limits  are  +2°  to  +?°. 

(2H)  At  4750  ft.  from  the  glidepath  transmitter  it  is  recommended 
that  the  beam  width*  is  +500  ft.  The  limits  are  +4 00,  ft.  to  +650  ft. 

It  follows  from  requirement  (III),  which  is  intended  to  give  a  reasonably 
standard  beam  sensitivity  round  about  the  break-off  height  irrespective  of 
runway  length,  that  for  in-line  installations,  as  the  runway  length  is 
increascd'.tho  beam  angle  will  iiavo  to  be  reduced.  In  the  case  of  the 
A..&  A.E.E.  runway  vhcre  tno  locall3cr  to  glide-path  transmitter  distance  is 
9,900  ft.  the  beam  angle  has  to  bo  restricted  within  the  range  of  2  to  2.5 
degrees  as  shown  in  Figs.  2(A)  and  2(b).  Fig.  2(B)  shows  the  percentage  width 
variations  allowable  at  4,750  ft.  from  the ’glide-path  transmitter  (approx, 
middle  marker  and  break-off  height  region)  and  also  at  8  n.m.  (approx,  beam 
capture  region)  for  variation  in  distance  ootwoen  localiscr  and  glide-path 
transmitter's. 

The  effective  aircraft  to  beam  gearing  (i.e,  correcting  signal  to 
aircraft/linear  displacement  from  beam  centre  line)  will  bo  Inversely 
proportional  to  distance  from  the  beam  origin  and  at  a  givon  distance  from 
the*  beam  origin  will  bo  inversely  proportional  to  beam  width,  iho  distance 
effect  on  gearing'  Is  of  course  inherent  in  the  angular  cystom  used  and  over, 
assuming  that  all  beams  are  identical  the  auto-pilot  system  will  always  have 
a  large  gearing  variation  to  contend  with  as  it  proceeds  down  the  bean.  In 
general  auto-pilot  systems' appear  to  have  coped  with  this  effect  but  trouble 
has  been  experienced  on  one  particular  aircraft.  It  i3  considered  that  in 
order  to  make  suro  that  a  system  has  the  host  compromise  cmto’-pilot  gearing 
settings  and  that  no  difficulties  will  bo  experienced  on  learns  having* extreme 
width  characteristics,  thon  test3  should  bo  mado  covering  the  width  tolcrancos 
allowable.  The  break-off  and  turn-on  regions  are  probably  tho  most  critical 
from  a  gearing  point  of  view  and  at  these  approximate  ranges  Table  1  shows 
the  maximum  effootive  gearing  change  possible  in  going  from  throo  hypothetical 
tost'bcams  to  any  other  installation  and  also  to  some  actual  installations. 

The  tost  beams  assumed  have  a  glide-path  to-  looaliacr  transmitter  distanco  of 
9,900  ft,  a3  at  A.  &  A.E.E.  Ihreo  angular  widths,  covering  tho  allowable  range, 
have,  been  given  S3  the"  widths  will  vary  from  time  to  time  when  tho  beam  is 
re.-aligned. 

_ ' _ Aablo-?C.)... 

♦Difference  in  depth  of  oodulation  of  too  tones.  3eo  Ref.  1. 

The  angle  or  distance  on  either  side  of  tho  c^ual  signal  plane  at  which 
a  signal  of  150  siors  oops  is  recorded  is  tonnod  tho  "bean  cidth".  It  will 
bo  appreciated  that  tho  ''bean"  referred  to  is  hypothetical  and  is  in  faot 
Bade  up  of  two  overlapping  radio  becas  in  order  to  obtain  the  retired 
.  characteristics. 
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Tabl©  gives  tho  characteristics  ef  R.A.F.-X.L.S.  installations  as 
measured  in  1959  and  ’Table  3(b)  gives  the  characteristics  of  some  other 
aerodromes.  It  will  bo  seen  from  these  ’Tables  and  Table  1  that  practical 
installations  are  likely  to  cover  the  -Thole  range  of  allowable  widths  and,  m 
some  'Cases  ^actually  go  outside  tho  limits.  In  testing  auto-I.L.S.  performance 
it  will  thus-oe  necessary  to  'fly  the  system  either  on  learns  having  extreme 
characteristics,  if  these  are  known,  or  else  on-a  test  beam  having  known 
characteristics  with  the  auto-pilot  to  been  signal  gearing  values  scaled  up 
and  down  to  simulate  the  extremes  which  can  bo  encountered.  The  gearing  changes 
necessary  can  he  calculated  ^rom  Fig.  2(b).  As  beams  having  the  required 
widths  are  not  always  available  and  on  some  aircraft  it  may  not  be  practicable 
to  vary  the  auto-pilbt  gearings,  it  is  convenient  to  have  a  calibrated  tost 
beam  which  can  be  adjusted  to  give  the  required  extreme  characteristics. 

In  general  it  will  oc  necessary  to  make  flight  tests  on  ’’offset''  as  moll 
as  "in-lino"  loealiser  installations;  in  particular  it  is  thought  thtt  some 
of  the  present  offset  angles  in  use  may  introduce  course  correction  difficulties 
in  the  break-off  region,  especially  on  the  higher  speed  aircraft. 

The  beam  centre  line  may  bo -somewhat  erratic  on  some  installations,  duo 
possibly  to  reflections  from  various  ground  objects,  and  on  systems  which  are 
rate  stabilised  frcci  the  I.L.S.  beam  signal  this  effect  nay  be  serious.  On 
thi3*  typo  of 'system  the  effect  of  beams  known  to  bo  adverse  in  this  respect 
must  be  assessed.. 

2.1.2  Beam  safety  cut-out  requirements.  The  following  ar-*  .ue 
requirements  for  alarms  to  ope* ate  and  tho  beam  to  go  off  tho  air: 

(1)  Shift  of  the  course  lino  by  more  than  1/3°. 

»  (2)  Reduction  of  power  output  by  more  than  p($. 

(3/  Change  in  beam  width  of  more  than  2C$, 

Beam  variations  way  bo  due  to  variations  in  tho  ground  equipment 
performance  dr  possibly  fault  conditions.  'The  actual  amounts  .of  shift  likely 
to  bo  experienced  in  general  operation  are  not  lend' m,  but  it  is  conceivable 
that  tho  bean  may  bo  operating  anywhere  within  tho  cut-out  limits.  Variation 
in  courso  lino  will  havo  obvious  offccts  on  tho  aircraft  approacn  path,  change 
of  power  output  should  not  appreciably  affect  tho  approach  porfoxmjancc,  but  the 
beam  range  will  bo  roduced,  and  cliango  in  beam  width  .Jill  have  a  direct  offcot 
on  the  aircraft  to  bean  gearing. 

In  order  to  cater  for  possible  variations  in  Service  usc,it  is 
considered  that  (When  testing,  some  additional  bank-to-localiser  gearing  change 
should  bo  made  to  allow  for  this  factor. 

In.assossing  A.A.L,  height  the  possibility  of  a  courso  lino  shift  should 
also  bo  considered, 

2.2  Glide  Path 


2.2.1  Setting-up  requirements.  Tho  following  arc  tho  main  beam 
requirements  affecting  porfomanco  tooting  as  givon  in  .P.2B68.H. 

'  (1)  The  glide-path  angle -should  bo  3  degrees.  The  limits 

are  2.9  to  3»1°« 

(ii)  Tho  preferred  angular  widths  for  17 . 5$  D.D.M.  (150  pa)  are,:- 

(a)  abovo  beam  centra  lino,  .15  x  beam  angle.  Tho 
limit 3  arc  .11  to  .19  x  beam  angle, 

and  (b)'  below  beam  centre  line,  .25  x  beam  angle.  Tho 
limits  arc  .11  to  .33  X  beam  angle, 

/iha... 
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The  effect  of  variation  in  basic  bear:  angle  in  the  range  2.9  to  3*‘ 
should  not  appreciably 'affect  the  performance.  Although  not  mentioned  in 
.IP. 2888. H,  the  X.C.A.O.  Specification  permits  a  bean  angle  of  up  .to  4°  if  the 
local  terrain. gives  insufficient  clearance  with  a  3° 'beam.  In  considering 
aircraft- which  nay  operate  from  civil  bases  it  is  possible  therefore  that  a 
4°  bean  nay 'be  encountered  and  on  auto-pilot  systems  having  variable  gearing, 
on 'a  fixed- time  base,  for  the  glide  phase,  this  difference  in  angle  is  3igm.fl- 
car.t-as  the  glide  tine  will  be  reduced  considerably.  Engine  response  olso-jmay 
be  more  critical  and  in  the  case  of  systems  having  an  auto-throttle  facility 
it  may  be  necessary  to  check  if  the  throttle  servo  has  adequate  authority.  It 
is  thought  however  tiiat  there  are  no  4°  beams  at  -present  in  existence. 

Variation  of  bean'  angular  depth  will  affect  tie  effective  aircraft  to 
beam  gearing  as  for  the  localiser  and  Table  2-sho>.s  tho  gearing  variations 
possible  for  given  test  beam  characteristics.  It  »nll  be  seen  that  tho  possiblo 
gearing  variations  arc  very  large  and  that,  as  for  the  localiser  installations, 
the  measured  valu03  at  actual  installations  appear  to  suggest  that  the 

whole  range  of  allowable  widths  nay  well  be  encountered  in  practice.  It  would 
thus  appear  essential  to  fly  on  beans  having  known  extreme  characteristics  or 
else  to  cuke  the  appropriate  gearing  modifications  on  a  test  bean  of  known 
characteristics,. 

2.2.2  Bean  safety  cut-out  requirements.  The  following  are  the 
requirements  for  alarms  to  operate  and  tho  bean  to  go  off  tho  air: 

(1)  Shift  of  the  course  line  by  core  than  .1  x  beam  -angle. 

(2) ,  Reduction  of  power  output  by  more  than  5<$. 

(})  Change  in  bean  width  of  more  than  \0}Z. 

The  effect  of  a  glide-path  angle  variation  should  bo  considered  in 
relation,  to  time-variable  glide  path  gearing  systems,  also  engine  response  and 
tho  authority  of  auto -thro --tie  systems. 

As  in  tho  case  of  tho  localiser  it  is  considered  that  a  further  gearing 
change  should  bo  made  in  order  to  allow  for  possible  variations  in  tho  beam 
width  wiihin^tho  out-out  limits. 

2.3  Other.I.L.S.  features  affecting  performance  testing 

2.3.1  I.h.S.  roooivor  calibration.  Due  to  variation  in  standards 
of  modulation  depth  it  is  difficult  to  calibrate  tho  receiver  equipment 
accurately  and  this  fact  to'gothor  with  setting  up -errors  results  in  different 
alroraft,  on  a  given  beam,  giving  considerably  different  signal  outputs  at  a 
given  beam  position.  Tablo  4  gives  figuros  obtained  fren  tests  at  BJiE.ti.-  on 
Scrvico  equipment  and  tho  order  of  tho  errors  can  bo  seen  from  columns  4,  3  and 
6..  New  oquipment  is  being  developed  to  improve  the  standard  of  measurement, 
but  it  is  suggested  that  allowance  should '■oo  ;ado  for  a  possiblo  further  +3$ 
localiser  gearing  variation, when  testing, in  order  to  cover  this  aspect’ until 
the- new  equipment  is  available.  ..  possible  localiser  centre  line  error  of 
+0.2  degrees  should  also  be  taken  into  account  whon  assessing  tho  A •„»!»•  height. 
The  effect  on  tho  glide  path  signal  is  hot  thought  to  bo  very  largo. 

2. 3. ‘2  Aorial  position  on  aircraft.  On  largo  aircraft  whero  tho 
aerial  is  a  long  way  from  the'  aircraft  centre  line  tho  aircraft  will  have  a 
standing  error  off  tho  beam  centre  lino.  This  error  should  not  exceed  tho 
distance  from  tho  aorial  to  tho  alroraft  centre  lino  and  it  is  thought  that 
in  some  cases  it  will  bo  less,  as  it  appears  that  tho  effective  beam  rcobiving 
position  is  sometimes  inboard  of  tho  actual  aerial  position.  Ih is  factor 
should  bo  taken  into  account  when  assessing  tho  A.A.L,  height  but  it  will  of 
course -be  included  if  the  off  sot  distance  from  tho  runway,  centre  lino  is 
measured  by  photographing  the  approaches. 


I 


! 
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3*  Rcccnnendcd  tost  procedure 

Each  system  mat  be  treated  on  its  own  particular  merits  and  appropriate 
features  examined  in  detail,  but  it  is  thought  that  the  following  progr&iao 
will  cover  cost  of  the  important  aspects  which  should  bo  examined  at  some 
stage. 

3.1  Instrumentation 

/.  trace  recorder  should  be  fitted  in  the  aircraft  and  a  pilot  operated 
event  marker  included.  paper  speed  of  about  5  vn/sco.  is  suitable.  The 
following  rinimuix  number  of  quantities  should  be  recorded  and  the  approximate 
sensitive  aos  required  are  given  in  brackets. 

.'JLrspecd  (+  1  fct),  height  (+  5  ft.'),,  normal  acceleration  (+.05g), 

I.L.S.  signals  (+  2  |iaj,  throttle  position  (+  1$),  anglo  of  bank  (*  &°), 

angle  of  pitch  {+  ^),  aileron  angle  (+.2°)  and  elevator  angle  (+.T°). 

The  bank  and  pitch  angular  sensitivities  quoted  are  only  required  for 
assessing  short  period  oscillations  and  it  is  not  nccossnry  for  the  long 
term  da  tuns  to  be  held  accurately. 

.«  ground  camera  system  should  bo  available  for  calibrating  the  test 
aircraft  and  beam  combination  as  indicated  in  para.  3*3*18. 

Ix"*  possible  a  radio  link  facility  should  be  incorporated  to  record  tho 
Ma'rkor  signals  and  ovont  mark  the  aircraft  trace  record  in  conjunction  with 
tho  ground  cameras  when  in  use. 

3 .2  Initial  look 

In  an  auto-I.b.S.  approach  a  typical  procedure  is  for  the  pilot  to  engage 
the  auto7piloi  on  the  downwind  log  of  a  G.C.h.  typo  of  circuit.  Uax.  lift 
flap  and  undercarriage  down  arc  also  selected  manually  on  this  leg  and  at  a 
range  of  about  8  to  10  miles  from  the  rum/ay,  with  an  offset  of  some  U.  nil  os, 
the  aircraft  is  turned  onto  the  base  or  cu’oaswind  leg  using  tho  auto-pilot 
turn  controller.  Vhen  about  1  or  2  miles  from  tho  extended  runway  centre  lino 
tho  pilot,  having  sot  up  tho  runway  heading  cox'rcctod  for  drift' on  tho  heading 
•selector,  annually  selects  ’track’.  Tho  auto-pllot  in  rosponsc  to  heading  and 
local! ser  error  signals  then  turns  the  aircraft  onto  tho  extonded  runway  centro 
lino.  Tho  pilot  selects  max.  flap  at  some  convenient  .stage  of  tho  final 
approach  and  at  about  5  mil 03  range  from  touchdown,  when  tho  I.L.S.  glide-path 
pointer  approaches  tho  oentro  position,  ho  selects  'glide ' Tho  auto-pilot  in 
response  to  a  3  d'-grcc  r.oso  dotm  signal  and  cxy  I.h.J.  error  signal  from  tho 
glido-path  centro  plane  thon  flio3  the  aircraft  down  the  glido-path.  If  no 
auto-throttlo  facility  is  incorporated  then  3oao  manual  throttlo  adjustment 
may  bo  ncocssary  to  maintain  tho  right  order  of  speed.  ,.t  3oao  height, 
usually  botween  200  and  300  ft.,  tho  auto-pilot  is  disengaged  and  manual 
corrootions  to  do  to  lino  tho  aircraft  up  with  the  runway,  and  land. 

In  the  initial  tc3ts. flights  should  be  aado  using  tho  optimum  procoduro  as 
recommended  by  the  Pirn  on  a  normal  G.C..».  typo  circuit  at  1,500  ft.,  engaging 
track  at  approximately  90°  to -the  beam,  Italics  offset  and  about>8-10  miles 
frometouchdown.  The  following  features  should  be  noted, 

3*2i1  In  circuit.  Ease  and  speed  of  engaging  and  disengaging  tho 
auto-pilot  system,  speed  ant.  height  holding,  ability  to  hold  trim,  changes  duo 
to  lowering  flaps  and  undercarriage,  residual  oscillations,  turn  controller 
response  and  authority,  a! 30  ary  tendency  for  the  auto-pilot  to  trip  out  if 
appropriate. 

'  3*2.2  Track  phase..  Turn  response,,  speed  and  height- holding, 

ability  to  stabilise  on  the  beam  beford  the  glide  phaso,  case  of  breaking 
off  approach  and  returning  to  circuit.  „ 


/3. 2.3... 


3.2.3  Glide 'Phase.  Response  to  glide  selection,  ability -to 
stabilise  quickly  on  the  beam,  speed  ana  beam  holding  in  track -and  glide  (in 
particular  the  onset  of  a ny  aircrjiffc/beam  oscillations/,  the  azimuth  and  height 
of  the  aircraft  relative  to  the  bean  and-  the  'runway  at  break-off  j  the  ease  of 
disengaging  the  auto-pilot  and  the  out-of- trim  likely  to  W ’encountered  if  the 
auto-pilot  -is  cut  out  dr  cuts  out  at  any  stage  of  the  approach.  The  minimum 
height  from  which  a  satisfactory  -overshoot  can  be  cade  should  also  be  assessed. 

3.2.4  Preliminary  criteria  for  satisfactory  performance  In 
reasonably  smooth’ air 

(1)  Circuit' 

Speed  +  3  kts.  K ax.  bank  response^about  10°/sec. 

Height 50  ft.-  Bank- authority  +  30°. 

(11)  Track 

Speed  +  3  lets.  Uax.  bank  response  about  10°/sec’. 

Height  +  50” ft.  and  100  ft.  in  turn  on.  Local! ser  within 

+  1  dotTafc  1  mile  before  glide  (no  cross  wind  component) 

and  held  afterwards  down  to  at  least  SCO  ft.  A.G.L. 

(XXX)  Glide 

Speed  +  3  kt3.  Clide  within  +  2  dots  after  losing  500  ft. 

height  and  held  afterwards  down  to"at  least  200  ft.  A.G.L.  No 

oscillations ’of  amplitude  -  greater  than  +  2°  in  pitch  angle. 

3 . 3  Detailed  assessment 

If  the  performance  is  considered  to  be  satisfactory  using  the  recoitf.ended 
prooedure  and  the  criteria^  given  in  3.2.4  thbn  the  effect  of  the  following 
parameters  should  be  assessed' where  appropriate. 

3.3.1  Speed.  The-'appronch  speed  should  bo  variedly  approximately 
5  kts  either  side  of  the  optimum. 

3.3.2  height,  centre  of  gravity  and  configuration.  These  parameters 
should  be  varied  over  the  appropriate  ranges  for  tho  approach.  This  assessment 
should  inolude  the  effect  of  external  stores,  selecting  flaps  and  dive  brakes, 
if  appropriate,  at  conditions  either  side  of  the  optimum  time  and  also  the 
'effect  of  having  no  flaps  (or  other  high-lift  dovioes)  or  air  brakes 
operational . 

3.3.3  Aircraft  to  beam  displacement  gearing.  Tolerances  on  beam 
width,  aanufactufe,  power  supplies,  atmospheric  conditions  and  the  I.L.S, 
receiver  calibration  will  all  affect  the  value  of  this  parameter.  It  is 
considered  that  'the  overall  gearing  values  on  both  localiser  and  glide  path 
should  be  varied  in  some  way  in  order  to  assess  the  effect  of  these  tolerances. 
The- amounts  the  overall  gearings  should  bo  varied. aro  deduced  in  the  following 
estimates: 

(i)  Localiser 

(a)  Beam  width  effect 

Knowing  tho  test  beam  characteristics  it  i3  assumed  that 
the  gearing  variations  will  bo  most  important  in  the  A.A.L. 
height  region  (i.e.  around  4750  ft.  rar^e  from  the  glide  path 
transmitter).  Tho  width  limits  at  this  range  aro  400  to  650  ft. 
and  heneo'if ‘the  tost  beam  width  is  w  ft.  tho  possible  gearing 
changes  in  going  to  these  limits  are: 


AO... 


C/' 


(l)  a  gearing  increase  of  f  -*  i)  100  a  tl$> 


(2)  A.  gearing  decrease  of 


(’ '  <&) 


100  =  \1$ 


There  is  also  the. possibility  of  a  *  2C$ -variation  in 
gearing  due  -  to  b  cam  flxic  tua tions .  '(See  para.  2  .'1 . 2 . ) 

(b)  •Specification  tolerances,  in-taut  o-pilot  system 

This  should  include  the  effect  of  manufacturing,  power 
supply  and  atmospheric  variations.  It  is  assumed  that  values 
aro  available  fron  the  manufacturers,  say  for  9i$  of  auto¬ 
pilots  the  combined  effect  on  the  bank  angle  to  localiser 
signal'  gearing  is  within  +  S_$.  The  tost  aircraft  gearing 
should  be  found  from  a  ground  calibration  and  *tho  error  from 
the  nominal  setting  is  assumed  to  bo-t^.' 

(c )  X.L. S»  Receiver  calibration  errors 

The-R.A.E.  Bedford  tests  indicate  that  95$  of  receivers 
will  probably  have  an  error  vithin  +  33$.  The  test  aircraft 
receiver  should  be  calibrated  accurately  and  it's  error  is 
assumed  to  be  x$. 

(d)  Combined  effect, of  (a),  (b)  and  (c) 

In  allowing  for  tho  combined  effect  of  these  tolerances 
it  is  considered  that  tho  possibility  of  operating  on  any 
beam  should,  be  included  and  that  the  full  beam  width  tolerances 
should  be  taken  into  account.  However  it  Is  assumed  that  tho 
probability  of  encountering  a  beam  at  one  of  it’s  limits  together 
with  the  other  tolorancea  at  their  limits  is  small.  As  a 
practical  compromise  it  is  considered  tint  the  following  overall 
changes  should  be  made  to  tho  initial  test  gearing.  _ 

(l)  An  increase  ofjjfy  +  +  S/.2  +  332  -  (tA  +  r)J$ 


(1)  An  increase  ©fjjfy  +  Jzq2-  +  S/2  +  332  -  (tA  + 

(2)  A  decrease  of  +  \/202  *  S^2  +  332  +  (tA  +  r)  % 

and  r  are  taken  as  positive  if  the  errors  tend  to 
increase  the  ovorall  gearing.  If  it  is  not 'practicable  to 
measure  those  values  then  reasonable  gearing  changes  to  make  aro 
considered  to  bo: 

(1)  An  inorcaso  of  tjy/  +  sA2  j 

(2)  A  decrease  of  ['  +  </iwo  +  sA**  +-/3FTsp] 

It  is  however  highly  desirable  to  measure  tA  and  r,  as 
in  order  to  obtain  a  reasonable  degree  of  confidenoo  in  the 
tost  results  from  ono  ox*  two  aircraft,  the  gearing  chango 
required  will  othorwise  bo  cxcosslvo-in  ono  direction  and  nay 
produce  unacceptable  results  which  aro  not  representative. 

Tho-overall  gearing  variation  can  bo  obtained  by  assuming 
a  linear  auto-pilot  gearing  calibration  and  making  the  appropriate 
percentage  changos  to  tho  initial  t03t  nominal  value.  If  the 
total  gearing  changes  aro  not  easily  obtained  by  adjusting  the 
auto-pilot,  then  part  of  the  required  gearing  changes  can  be 
achieved  by  operating  the  tesb  beam  at  if  3  limits,  thus 
reducing  the  required  changes  by  Yfy  and  th>  in  tho  two  cases 
respectively. 


/It... 
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It  should  be  noted  that  in  combining  the  tolerances  in 
the  manners  indicated  it  is  intended  that  the  overall  gearing 
limits  obtained  should  represent  the  values  which  are  not  likely 
to  be  exceeded  in  the  order  of  99$  of  cases,  when  operating  on 
a  beam-at  it's  95$  limits.  The  method  of  combination  is  not 
strictly  valid,  but  with  the  actual  valuesof  the,  tolerances 
likely  to  bo-  encountered  it  is  considered  that  the  order  ef 
probability. obtained  is  reasonable  for  this  type  ef  approach, 

-  where  although  extremely  undesirable,  the  pilot  can  in  most 
cases  decide  to  go  round  again  if  tho  conditions  at  break-off 
are  "too  adverse  to  make  a  successful  landing, 

(ll)r  Glide  Path 

(a)  Beam  width  effect 

In  this  case  the  beam  width  at  all  ranges  from  tho  glide 
path  transmitter  is  proportional  to  the  beam  angle  and  the  width 
limits  arc  .11$  to  .19$  above  the  beam  centre  lino  and  .11$  to 
.33$  below  tho  beam  centre  line,  where  $  is  tho  angle  of  tho 
beam1  centre  line.  If  the  test  beam  \ddth  is^i  above  tho  centre 
line  and^g  below  then  -the  possible  gearing  changes  in  going  to 

=  7m$  above  the  ^ 


=r  bolow  tho  (j, 


s  Wfrgi  above  the 
s  7Pgj$  bolow  the 


wic  j  jiulvs  are; 


(l)  A  gearing  increase  of 


and/o(2 

\  .11$* 

and  (2)  A  gearing  decroaao  of 


(%-') 
■) 


and 


0  -  7*99  )°° 

O-S)100 


Thero  is.al30  tho  possibility' of  a  +2C$  variation  in  gearing 
due  to  beam  fluctuations. 


(b)  Specification  toloranoes 

Theso  should  bo  obtained  as  for  the  localiser  case  but 
appropriate  to  tho  pitch  gearing.  Say  99$  of  auto-pilots  are 
within  +  S^o  and  that  the  tost.airoraft  has  an  error  of  tj$. 

(c)  l.L.S.  kocoiver 


This  effect  is  assumed  to  bo  nogligiblo. 

In  order  to  flight -te3t  tho  effect  of  tno  variations  in 
gearing,  tho  host  aothod,  bocauso  of  the  unsymactrical  width 
limits, 'is  to  use  a  variable  bcaaAhich  can.bo  put  to  its 
appropriate  limits  for  tho  above  and  bolow  contrc  line  cases. 

In  addition  allowance  for  tho  effect  of  fluctuations  and 
specification  tolerances  should  bo  dado  by  increasing  tho  auto¬ 
pilot  gearing  by  [Ju 00  +  S£2  -  t£]$  and  reducing  it  by 
(v/4D0  +  Sg2  +  tE  J  %  of  the  nominal  sotting  in  a  similar  way 
to  tho  localiser  tosbs. 

If  it  is  not  practicable  to  vary  tho  tost  beam  in  this  way 
then  flight  tests  should  bo  an  do  with  auto-pilot  gearing  values 

(l)  Increased  by  [Tfy  *■  /4Q0T "sjj2  -  tg  )% 

and  (2)  Rcduocd  byC'jTg  +y/*00  +  Sg2  +  tg3$  of  ^ho  nominal 

gearing, 

/ify  should.,. 


should  bo  taken  a a  the  greater -of  the  and%i  values 
and  Hg  the  greater  of  the  Hj#  and  1J&2'  values.  33iiff  will  give  a 
**'  .  ,  pessimistic  vies/,  as  the  actual*  beam  limits  are.  uhayometrical, 

1  and  wherever  possible  a  test*  beam-having  the  ^desired  extreme 
characteristics  should  be -used. 

If  tB  is  not  known  it  should  be  taken  as  *  Sg  in  the  most 
adverse  sense.  77he  never  possible  the  actual  rvalue  of  should 
<■  .  be.saasessod. 

•3.3*4  Circuit  pattern.  The  cirouit  height  should  be  varied  between 
1*000  and  2,000  ft;  with  appropriate  variation  in  tho  upwind -distance  at  which 
the  track  turn-on  phase  is  made.  The  minimum  value  of  this  distance  should  bo 
ascertained  making  the  track  selection- at  several  angles  to  the  beam  oentre 
line  between  0  and  175°.  Both  left  and  right  hand  circuits  should  bo  tried. 

The  ability  of  the  auto-pilot  system  to  change  circuit  height  from  straight  and 
level  flight  and  after  a  turn  should  also  be  chocked, 

c 

3-3;5  Disturbances  .to. the  I.L.S,  signals.  The  response  to  ^rome 
disturbances  will  usually  be  noted  in  the  general  flying  as  other  aircraft  fly 
across  the  beam.  If  this  is  not  considered  sufficients  .point  should  be  made 
of  chocking  the  effect  of  other  aircraft. 

>},}. 6  Wind.  Tho  effect  on  the  turn-on  performance  of  the  highest 
possible  cross  wind  speeds  up  to  35  lets  should  be  assessed  and- also  the  effect 
of  similar  strength,  tail  and  head  y,lndo,  on  the  glide  performance. 

3*3*7  Vrohfc ■■  heading  selection.  7ith  heading  stabilised  systems  tho 
effect  of  +  10°  wrong  heading  selection 'should  be  tried  in  order  to  check  the 
effect  of  Getting,  up  the  wrong, -wind  correction.  On  a  normal  system  +  10° 
should  produoe  the  order  of  +  1  dot  error  in  trackV 

3*3*8  grratic  beam  oentre  line.  Uith  stews  which <are  rate 
stabilised: from  the  I.L.o.  signals- a  point  should !bo  made  of  frying  on 
installations  which1  are  known  to  bo  adverse  in- this  respect. 

3.3;9  Clide  adoption.  This  should  bo  tried,  say-  2  to  3  dots  oither 
aide  of  the  optimum. position,  in  order  to  oheck  how  well  tho  aircraft  damps 
onto  the  glide  path  whon  initially  displaced. 

3.3.10  Throttle-adjustment.  Tho  sensitivity  of  thc'beam  hold  to 
-reasonable  throttlo- adjustments  should  bo  chcckod  if  no  auto-throttle  is 
inoorpo  rated. 

3.3.11  Offset  local! ser.  As  so  many  offset- looaliser  installations 
are  in  general  use  it  is  oonaidered  that  tho  suitability  of  tho  ayetom  to  cater 
for  typical  beam  intercept  angles  mu3t  bo  ohookod  by  flying  on- an  appropriate 

beam. 


3*3*12  One  engine  out.  If  appropriate  the  of foot  of  one  ongino  out 
.should  be  aesessod. 

3,3,13  Power  control  failure.  The. possible  effects  of  a  power 
oontrol  eystea  failure  should  be  considered  whan  appropriate, 

3*3,11,.  L°  Glide  Path.  Tost*  should  bo  made  on  a  4?  glide  path  if 
this -is  likely  to  be  encountered. 

3,3*15  Malfunctions*  'These  should  be  chookod  as  in  other  flight, 
oases  for  appreciation  plus  roactlon  timds  of  up  to  2  socs.  In  particular, 
height  loss  in  rolling  and  pitohihg  manoeuvres  and  noamoss  to  pre-stall 
offsets  should  bo  measured.  It  xs  felt  that  2  secs,  is  possibly  too  long 
for  aircraft  ^ving  high  response  rates  (especially  in  a  pitching  sense)',  but^ 
it  is  considered^ that  tests  should  be  made  or  assessed  for  this  period  of  timo 
about  all  axes  and  the  risk  determined  oh  this  basis  until  a  better  method' ban 
be  devised. 


3.3.1 6  Turbulence  and  bad  visibility.  If  the  general  performance 
satisfactory  then- checks  should  be  made,  on  the  optimum  and  any  marginal 
cases,,  of  the  effect -of  turbulence  (up  to  No.  6  approx.'/  and  every  effort  tea  do 
to  gain  experience  in  bad  visibility  conditions. 

3. 3.1?^  Aircraf ^'characteristics.  In  order  to  assess  the  "Aircraft 
Approach  Limitation”  height  it  is  considered  that  at  some  stage  of 'the  flight 
testing,  tests  should  be  rrade  to  determine  the  maximum  angle  of  bank  and  rate 
of  roll  likely  to  be  used  in  a  sidestep  manoeuvre  at  about  2G0  ft.  height.  The 
normal  acceleration  used  In  flaring  should  also. bo  determined. 

3.V.18  Number  of  tests -under  each  condition.  It  is  extremely 
difficult  to  be^precise  in  this  respect- and  the  number  required  will  to  a 
large  extent  depend  on  how 'the  initial  flying  progresses.  In  rough  figures, 
on.'a  new  system  it  is- considered  that  a  minimum  of  about  ^'approaches  should 
be  made  and  of  these  about  15  should  be  in  the  finalised  normal  approach 
condition  and  about  20  with  the  most 'adverse  gearings.  It  is  important  in 
these  tests  to  cover  as  large  a  range.of  weather  conditions  as  possible.  In 
order  to  check  if  there  are  any  appreciable  effect  duo  to  other  variables  at 
least  3  approaches  should  be  made  in  each  of  the  appropriate  conditions.  If 
a  particular  variable  appears  to  be  significant  then  further  tests  will  of 
course  bo  required  if  a  realistic  valuo  for  the  magnitude  of  the  effect  is  to 
bo  obtained. 

One  flight  should  be  made  to  calibrate  the  aircraftAcom  combination 
at  the  time  of  testing.  This  flight  should  be  photographed  from  the  ground  and 
should  consist  of  about  5  manual  I.L.S.  approaches;  tho  first  should  attempt 
to  hold  both  beam  centre  planes  arid*  the- ethers  should  hold  some  4  to  5  dots 
on  each  side  of  the  localiser  and  glido  path  centre  pianos  in  turn.  In  this 
way  if  the  I.L.S.  signals  are  assumed  to  bo  linear,  this  calibration  can  bo 
used  on  other  flights  on  tho  sane  beam  to  give  a  reasonable  idea  of  tho 
aircraft’  displacements,  both  frem  tho  beam  centre  pianos  and  the  runway,  if 
tho  range  is  obtained  by  reference  to  tho  Middle  and  Outer  Markor  signals 
rccordod  or*  tho  trace  In  the  aircraft. 

4,  Estimation  of  "Aircraft  Approach  Limitation”  (A.A.L.) 

4.1  Ccneral 


In  order  to  cstimato  tho  minimum  safe  height  to  which  tho  aircraft  can  be 
allowed  to  descond  under  non-visual  conditions  It  is  assumed  that  tho  following 
criteria  must  bo  satisfied: 

(a)  At  this  height  tho  pilot  must  bo  able  to  appreciate  hi3 
position  relative  to  tho  runway. 

(b)  In  tho  ordor  of  95$  of  approaches  tho  aircraft  oust  bo  in 

a  position  such  that  itfs  vertical  and  lateral  displacements 
and  track  from  the  ideal  approach  path  can  bo  corroded- with 
onough  height  left  to  flare  onto  tho  runway. 

(o)  Tho  aircraft  oust  be  capablo  of  making  an  overshoot  from 
this  hoight  if  tho  pilot  considers  this  nooossary. 

In  order  to  satisfy  (a)  it  Is  stipulated  that  at  tho  A.A.L.  tho  visibility 
must  bo  such  that  a  minimum  of  two  cross  bars  of  tho  Calvort  ground  limiting 
system  can  bo  soon.  In  estimating  tho  A.A.L.  a  timo  of  2  socs  is  allowed  for 
tho  pilot  to  appreciate  his  position. 

4.2  Vertical  criteria 

In  ordor  to  satisfy  (b)  tho  vortical  and  lateral  cases  aro  considered 
separately.  In  tho  vertical  piano  a  displacement  or  tracking  error  from  tho 
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glide  -path  centre  plane  will  if  uncorrected,  or  not  fully  corrected,  affect 
the-  actual  touch  down  point  and  the  allowable  error  will  depend  on  the  length 
of  runway  available  and  the  position  of  the  nominal  touch  down  point  (l.e. 

G.P.  Tx  position).  Seasonable  general  criteria  are  considered  to  be  that  when 
the  A.A.L.  is  reached  the  aircraft  should  be  not  nore  than  +  away  froa  the 
bean  centre  line  and  should  be  on  an  instantaneous  flight  path  inclined, at  not 
more  than  +  1°  to  the  beam  centre  line. 


The  other  consideration  in  the  vertical  plane  is  the  vertical  velocity,  at 
touch  down.  A  reasonable  value  for  this  is  considered  to  be  2  ft./sec.  and  on 
this  basis  Pig.  3 'gives  the  height  which  oust  be  allowed  for  flaring  froa.  a  3° 
approach.  The  curves  are  based  on  the  assumption  that  the  speed  and  normal 
acceler  ;ion  are  constant  during  the  manoeuvre.  The  mean  speed  used  during  the 
flare  is  assumed  to  be  less  than  the' approach  speed  and  the  aethodsused  for 
calculating  both  the  flare  speed  and  the  height  required  for  flaring  are  given 


in  Appendix  X.  *he  value  of  normal  acceleration  used  during  the  flare  will 
depend  on  the  aircraft  type,  however  if  no  information  is  available  a  typical 


value  for  aircraft  otner  than  "aval  types  is  about  1 .03g.  As -the  instantaneous 
flight  path  at  the.  A.A.L.  is, assumed  to-be  acceptable  up  to  4°  it  might  be 
thought  necessary  to  check  that  the  flare  is  possible  from  this  angle  in  the 
available  height.  It  will  be  found  however  that  in  general  the  time  which  must 
be  allowed  for  lateral  correction  i3  nore  than  adequate  for  the  necessary 
adjustment  in  glide  path  to  be  made  at  the  save  tine  as  the  lateral  manoeuvre 
and  this  technique  is  assumed  to>be  used. 


4.3  Lateral  criteria 


In  the  lateral  plane  any  offset  or  tracking  error  nay  require  correction 
to  enable  the  aircraft  to  touch  down  on  the  runway  and  in  Appendix  Ha 
cethod  is  given  for  estimating  the  tine  required  to  correct  the  approach  path, 
assuming  that  the  initial  conditions  are  given  together  with  values  for  the 
maximum  usable  angle  of  bank  and  rate  of  roll.  The  results  are  given  in 
Figs.  4  and  5  for  zero  and  5°  tracking  errors  and  the  figures  can  bff  used  to 
plot  boundary  curves  of  sidestep  distance  at  a  given  height  on  the  approach. 
The  method  of  use  is  probably  best  illustrated  by  the  following  example: 


£g.  Draw  the  lateral  manoeuvre  boundary  curve  for  250  ft.  true  height,  on  a 
3°  approach  path,  for  on  aircraft  having  the  following  characteristics: 


Approach  speed  140  kts,  maximum  angle  of  bank  15°,  maximum  rate  of  roll 
12/sec.,  mean  normal  acceleration  in  flare  1.03g  end  the  tracking  error  will 
not  exceed  5  ♦  Assume  also  that  the  pilot  appreciation  time  is  2  secs,  that 
the  aircraft  must  touch  the  runway  within  +  25  ft.  of  the  runway  centre  line 
and  that  an  allowance  should  bo  made  for  a~*tail  wind  of  up  to  10  kts. 


As  a  tail  wind  of  up  to  10  kts  stay  be  present  the  times  available  for 
flare  and  sidestep  will  be  estimated  using  a  true  speed  of  150  kts. 


On  this  basis  from  Fig.  3  the  height  required  for  flare  is  77  ft. 


ACTUAL 
TOUCH  DOWN 


*7*7  PT\ 

VT 
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The  time  available  for  the  sidestep  manoeuvre  is: 


From  Fig.  4 

y6  =  >165  ft.  for  zero  tracking  error' (+0,»  0) 

Boundary  points  are  +,(165  +  25)  =  +  190  ft. 

From  Fig.  5B 

y6  s  +275  ft.,  and  -30  ft',  for  5°  tracking  error  (f0  a  +5°) 

Boundary  points  are  +275  +  25  and  -30  -  25 
i.e.  +300  ft.  and  -55  ft.  for  *0  =  +5° 

For  +0  =  -5°  there  will  be  two  other  points  which  are 
numerically  the  same  as  for  f0  =  +5°  but  *with  the 
opposite  si gn  i.e.  -300  ft.  and. +55 ’“ft. 

The  'lateral  boundary  curve  oan  now  be  drawn  as  shown  below: 


In  the  example  a  figure  of  +  25  ft.  from  the  runway  centre  line  is  used 
as  the  lateral  touch  down  criterion.  This  figure  is  rather  arbitrary  and 
will  depend’1  on  the  width  of  runway  avail abls  as  well  as  the  wheel  traok  of 
the  particular  airoraft  concerned.  If  50  yard  runways  are  to  be  used  then 
for  large  aircraft  this  seems  to  be  a  reasonable  figure/ 

Approaoh  speed  variations  and  tail  wind  will  affect  the  boundary  ourves 
oalculated  in  this  way  and  it  is  considered  that  10  kts  should  be  added  to 
the  nominal  approach  speed  in  order  to  allow  for  these  effects  as  indicated 
in'  the  example. 

In  order  to  estimate  the  A.A.L.,  boundary  curves  should  be  drawn  for 
several  heights  in  the  expeoted  A.A.L.  height  region.  Point*  obtained  fro® 
the  test  results  should  be  plotted  at  each  of  these  heights  and  the  A, A .L. 
height  for  the  particular  system  determined  as  the  height  at  whloh  the 
boundary  ourve  oontaina  95^  of  the  test  points,  providing  the  vertical  and 
overshoot  oriteria  are  also  satisfied  at  this  height.  The  value  of  height 
is  also  subject  to  the  visibility  requirement  being  satisfied  on  an  aotual 
approach.  In  obtaining  the  appropriate  test  points  to  plot  in  this  way  the 
following  features  should  be  noted: 


/<»>... 


Tho  results  from  all  tests  mao  with  adverse  parings,  should  be 
included  in  the  plots.  If  it  is  not  practicable  to  sake  the*  full 
gearing  change  required  to  simulate  adverse  gearing  tolerances  then 
an  estimate  can  ‘oe  cade,  from  the  flight- tests,  of  the  effect  of  the 
partial  gearing  variation  providing  the  gearing  charge  possible  is:at 
least. of  the  order  of  yrfa  of  the  total  change  required.  An  allowance 
for  the.  full  gearing  change  should  then  A>e  cade  by -plotting  the  nominal 
gearing-value  test  results  sealed-up  assuming  the  gearing  effect  on 
offset  distance  and  track  to  be  inversely  proportional  to  the  gearing 
values  plus  a  constant  i.e. 


If  only  a  small  variation  of  gearing  or  none  at  all  is  possible 
then  as  a  very  rough  first  order  approximation1  iho  offset  distances 
and  track  angles  obtained  from  the  nominal  test- results  should  be  scalcd- 
up  as  tho  inverse  of  total  gearing  zcduction  required  i.e. 

‘^Offset  distance  s  || 

Tnis  latter  procedure  is  very  undosirablo  and  should  only  be 
-used  as  a  last  resort. 

(b)  Offset  aerial  on  aircraft 

If  no  information  is  availablo  on  the  possible  effect  of  this 
feature  then  in  estimating  aircraft  position  from  loealiser  signals 
in  tho  aircraft,  on  a  beam,  installation  which  has  been  calibrated  but 
not  by  tho  .particular  test  aircraft,  the  effect  of  tho  offset  froo  the 
aircraft  centre  lino  (l)  ft  should  bo  included  in  the  estimates  by 
assuming,  that  tho  signal  appears  to  bo  received  at  tho  actual  aerial 
-position. 

(c)  Loealiser  receiver  calibration  orror 

As  for  (b)  when  estimating  aircraft  position  on  a  beam  installation 
on  which  the  test-aircraft  has  not  boon  calibrated,  an  allowanco  for 
the  effect  of  tho  loealiser  receiver  orror  (0  degrees)  should  also  bo 
included. 


An  additional  consideration  is  that  tho  B.L.E.U.  tests  indicate 
that  in  %  of  casc3  tho  probable  error  on  tho  effective  centre  lino 
position  will  be  out  si  do  +  0.2  degroos.  In  order  to  allow  for  tho 
possibility  of  having  receiver  orroro  of  tills  ordor  of  magnitude  in 
Service  use,  it  is  considered  that  an  allowance  for  an  error  of 
(0.2  -  fc)  dcgroo3  should  bo  made  on  all  tho  to’st  results.  Tho 
allowanco  for  this  effect  when  combined  with  other  similar  effects 
is  given  in  para.  (f). 

(d)  Wrong  hooding  adoption 

Tho  tests  using  a  10°  wrong  heading  selection  should  not  bo  includod 
in  tho  plots  directly  but  tho  off  cot  of  a,  2°  heading  orror  should  bo 
deduced  from  those  results.  Because  of  tho  difficulty  of  estimating 
wind  accurately,,  a  factor  which  txy  not  be  brought  out  adequately  by  a 
limited  nuabor  of  tosts,  it  is  considered  that  an  allowanco  should  bo 
made  for  iho  effootof  this  2°  heading  selection  error  on  all  tho  test 
results  os  indicated  in  para,  (f).  Tho  effect  on  tracking  angle  is 
assumed  to  bo  (if)  dogroes. 


value  of-  £  will  depend  on  the  particular  installation  and  some  account  should 
be  taken  of  this  in  assessing  the  likely  offsets  in  Service  use.  Although  no 
evidence  is  available  it  is  thought  that  the  value  of  (5  +  6£)  is  in  general 
unlikely  to  exceed  the  order  of  ♦  £  degree,  although  a>larger  error  is  possible 
due  to  initial  misalignment  with  either  ground  e quipwent  variations,  or  fault 
conditions.  Ihese  effects  could  also  oonceivably  be  increased  by  tolerance's  in 
the  out-out  system.  On  this  assumption  it  is.  considered  reasonable  to  make 
allowance  for  a  centre  line  error  of  up  to  ($  -  £  -  6£)  degrees- i.e. 

^jj  degrees,  when  plotting  all  the  test  results. 

The  allowance  should  be  made  as  indicated. in' (f). 

(f)  Overall  allowanoe  for  effeote  of  (c),  (d)  and  (e) 

It  is  considered  that  a  reasonable  overall  allowance  for  these  effects 
is  to  add  an  offset  distance  and  traok  angle,  to  all  the  test  results  to  be 
plotted,  appropriate  to  a  centre  line  error  of: 

£  v^C#)2  ♦  ($)2  +  (#2)2  -  ^  6  -  p  -  y  +  P  ^  J  degrees 


This  simplifies  to: 
£  /tV)2  +  .15 


where  V  is  the  traoking  error  in  degrees  due  to  a  2°  heading  seleotor  error 
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6  is  the  apparent  bears  ccntro  line,  in  degrees  fron  the  runway 
heading,  at  a  range  of  y  ft.  from  the  localaser  Tx.  This  value 
is  obtained  free  the  test .aircraft  calibration. 

1.  is  the  offset  of  the  localiser  aerial  from.  the  aircraft  centre 
line  in  ft. 

Care  should.be  taken  when  plotting  tfco  results  to  ensure  that  a  common 
sign  convention  is  used' throughout. 

(g)  Offset  hoc all  sc  r 


In  order  to  cater  for  tho  worst  offset  angle  likely  to  be  net  in 
practice,  it  is  considered  that  in  addition  to  plotting  the  "In  line" 
localiser  result’s,  a  separate  plot  should  bo  Bade  rdth  these  results 
modified  *o  simulate  results  which  would  be  obtained  on<a  5  degree 
offset  beaia.  This  is  assumed  to  be  achieved  by  adding  the  offset 
distance  ar.d  track  angle  appropriate  to  the  5  degree. off  set  centre 
line  at  the. range  require d.  Actual. results  from  "Offset"  installations 
can  also  be  plotted  directly  when  corrected  as  indicated  in  (a),  (b), 

(c)  and  (f)  for  tho  "la-line"  results. 

In  order  to  include  these  test  results  it  will  be  necessary  to 
extrapolate  the  lateral  boundary  curves  fer  tracking  a*  gles  of  up  to 
some  7  to  8  degrees.  The  extrapolation  will  in  general  be  satisfactory 
up  to  these  angles,  but. if  this  is  not  adequate  to  include  all  tho 
test  .points  it  may  be  .desirable  to  use  the  . method  in  Appendix  II  in 
order  to  extend  the  .boundary  curves'' for  larger  values -of  tracking  angle. 

Thc.A.A.1.  height  should  be  computed  from  the  most  adverse  of  the 
"In-line"  and  the  "Offset"  plots. 

4.4  Malfunction  criteria 

In  general  malfunction  tests  have  been  made  at  A.  &  A.B.7).  in  orders  to 
ascertain  at  vhaf  heights  malfunction  could  be  dangerous,  and  not  to  modify 
possibly  the  value  of  A.<i..I>.,  determined  by  the  vertical  and  lateral  criteria. 

On  most- aircraft  tested  every  effort  has  boon  Bade  to  keep  tho  height  loss  as 
small  as  possible  by  tho  Incorporation  of  safety  cut-out  devices  and  usually, 
oven  allowing  a  10C$  margin,  the  value  of  height  loss  obtained  from  tests 
would  not  have  dictated  any  increase  in  ...A.L.  if  this  had  been  an  additional 
criterion;  ‘tfhen  the  height  loss  has  been  critical  this  factor  has  been  stated 
in  the  tcri*  of- the  Release,  but  it  is  felt  that  the  chance  of  a  failure  in  the 
final  stage  of  tho  approach  is  not  high  enough  in  general  to  justify  an 
increaso  in  A.A.L.  value,  which  in  itsolf  could  increase  tho  accident  risk  by 
increasing  the  "diversion"  rate  with  coro  chance  of  running  out  of  fuel. 

5.  Conclusions 


The  method  of  testing  indicated  in  this  report  is  intended  to  give  an 
A.A.t*.  value  which  is  adequate  on  p c rf ormanc o •  ’groun ds  for  9%  of  tho  aircraft 
type, operating  on  any  ground  installation  which  is  normally  within  tho  sotting 
up  limits.  The  criterion  used  in  determining  the  A.A.L.  value  is,  that  any 
of  tho  9%  aircraft,  should  have  not  less  than  tho  order  of  a  9$  chance  of 
making  a  successful  approach  on  any  ono  of  those  installations. 

This  critorion  may  bo  thought  to  bo  too  adverse  03. tho  overall  chance  of 
having  a  1  in  20  aircraft  operating  on  a  beam  at  it's  limits  is  by  itsolf 
small.  Howpvor  as  there  will  in  general  bo  a  small  number  of  tho  aircraft 
typo  involved  and  these  aircraft  may  operate  on  an  adverse  installation  over 
a  considerable  period  of  time  it  is  difficult  to  make  an  overall  statistical 
assessment  and  tho  criterion  used  is  considered  reasonable. 


/In... 
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In  the  past  A.A.L.  heights  have  been  assessed*  without' taking''as  much 
account  of  the  effect  of  system  tolerances  and  consequently  it  is  possible 
that  some  of  the  .previous  A.A.L.  heights*- quoted  would  appear  to- be  on  the 
low: side  if  the  suggested. method  had  been  used.  In  marginal  weather 
conditions  a  low  value, of  A.A.L.  is  likely  tc  reduce  the  frequency  of 
diversion  but  will  probably  increase  the  frequency  of  overshooting-- due  to 
adverse- performance.  On- slant  visibility,  grounds  the  relationship  between 
overshooting  and  the  value  of  A.A.L.  is  not  obvious,  because  of  the  difficulty 
of  relating  slant  visibility  to  the  cloud, oasc.  as  there  i3  little  operational 
data  available  it  is  impossible  to  assess  whether  or  not  the  present  A.A.L. . 
values  in  use, do  in  fact  give  the  right  order  of  compromise  botweon- diversion 
and  overshooting. 

It  is  considered  that  the  tost  technique  given  in*  this  report  will  give 
an  A.A.L.  valuo  which  is  satisfactory  on  ^performance  grounds  and  only  a 
systematic  assessment  of  actual  operational  experience .will  show  whether  or 
not  the  valuo  should  be  modified  to.  give  a  better  compromise.. 
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|  Table  5(A) 


I.L.S.  Beam  Characteristics  for  R.A.F.  Stations_(l9£9). 


Station 

Localiser  to 
Glide  Path 
Distance  ft* 

Localiser  to 
Touch  Dam 
End  of 
Runway  ft. 

Angle  of 
Offset  - 
degs. 

Localiser  Beam  j 
Width  decs. 

4  from  Preferred 

Width 

Glide 

Centr 

Angle 

Port 

Stbd 

500  ft; 

at'4.750*ft. 

'  2,400  ft. 
at  8  n.m* 

(Limits  +3° 
-20) 

(Limits  +23 
-21) 

Abingdon 

5239 

6239 

3.7 

2.83 

2.8 

-2 

+11 

3. 

Adding  ton 

5292 

6557 

3.6 

Aldergrove 

- 

“ 

_ 

Ballykelly 

4313 

5328 

4.16 

Bassingbouro 

6964 

7964 

- 

2.4 

2.52 

-3 

-5 

3. 

Benson 

6756 

7756 

- 

Binbrook 

4510 

5371 

3.6 

2.8 

2.8 

-10 

+8 

3- 

Bruggen 

6500 

7540 

3.06 

Coltishall 

5780 

6390 

3.37 

Coningsby 

9520 

10520 

- 

2.18 

2.2 

+10 

—8 

3. 

Cottesmore 

9500 

10500 

- 

2.2 

2.21 

+9 

-7 

Dishforth 

4262 

5262 

4-2 

2.62 

2.75 

-15 

+5 

Pinningley 

785 0 

8560 

2.66 

2.38 

2.41 

+5 

-2 

2. 

Gaydon  2fo.1 

10010 

11110 

“ 

2.36 

2.23 

+19 

-2 

3. 

Gaydon  No.  2 

9980 

10980 

2.18 

Guilenkirchen 

6234 

7140 

3.18 

Honington 

102*00 

11200 

2.5 

2.23 

+25 

+1 

2. 

Kinloss 

4607 

5607 

3.97 

Larbruch 

8200 

9208 

3.4 

Leconfield 

5270 

6270 

4.0 

Leaning 

- 

- 

- 

Leuchars 

6840 

7840 

2.47 

2.5 

2.33 

-3 

-3 

2. 

Lyneham 

4576 

5589 

4.0 

Mans ton 

9738 

10938 

- 

Marham 

10169 

11215 

- 

2.07 

2.07 

+8 

-11 

2. 

Middleton 

5721 

6721 

3.42 

St. ' George 

Scamp  ton 

6850 

7850 

2.96 

2.7 

2.7 

+9 

+9 

2. 

/ Shawbury 

4937 

5558 

3-78 

Strubby 

6340 

7380 

- 

St.  Mawgan 

9800 

10800 

- 

2.58 

2.58 

+31 

+10 

3. 

Thorney.  Island 

6200 

7260 

3.18 

Upvvood 

3988 

4988 

4-4 

Vallty 

4680 

5693 

3.93 

Waddington 

7385 

8144 

2.71 

2.42 

2.59 

+5 

+2 

2. 

Wattishara 

4600 

5612 

3.98 

Watton 

3499 

4499 

4-8 

3.0 

2.8 

-18 

+9 

West  Mailing 

5800 

6810 

3-37 

West,Raynham 

- 

- 

- 

Wildcnrath 

6800 

7798 

2.65 

Wittering 

102*00 

11500 

- 

2.37 

2.3 

+24 

-1 

3» 

Wyton 

5900 

70 22 

3.32 

2.56 

2.32 

-11 

-5 

2. 

Notes:  +  sign  indicates  wider  beam  „ 

-  sign  indicates  narrower  beam 


Notes:  +  sign  indicates  wider  beau , 

-  sign  indicates  narrower  becca 
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Table  ^(B) 

I. L. S.  Beam  Characteristics  for  Miscellaneous  Ae 


ESI 

Localiscr  to 
Glide  Path 
Distance  ft. 

Localiscr  -to 
Touch  Down 
'  End  of ' 
Runway  ft. 

■Angle  of 
Offset 
degs.- 

Localiscr  Beam 

Width  degs. 

‘  i*  frets  Preferred 
--  -  Width 

Glide  P 
Centre  ! 
Angle  0  < 

Port 

Stbd 

2,hQQ  ft. 
at  8  n.m. 

H.  0.  A. 

M.O.A. 

College -of 
Aeronautics 
English- Electric 

112,00 

2 

2.0 

1.9 

2.4 

3.1 

2.25 

1.9 

2.4 

3.1 

•(Limits  +30 
r  -20) 
+8 

0 

--8 

+22 

(Limits  +23 
-21)' 

-10 

-19 

-A 

+24 

3.1 

2.8 

2 


3.1 


3.1 


+24 


Table  h 

Results  of -Controlled  Check  of  I.L.S.  Localiser  Receivers 


Input  Signal  ='  In  Volt  at 
108.5  ac/a  nodulated  2C^’>by 
150  c/s  end  2<$  by  90  c/s 

Localiser  Meter  Current 


.C^aseal 


Rx  No. 

IDEAL' 

Station 

Date  Set  Up 

Tone  ratio  Odbs 
*  0 

+4dbs 

90 

-4dbs 

9Q 

Remarks 

796 

Bedford 

8.1.39 

0 

90 

80 

966 

w 

7.1.59 

-5 

90 

96 

K65 

u 

5.11.58 

+5 

83 

72 

ANSI 

Bassir.gbcurn 

7.4.59 

15 

ICO 

95 

Set  up  at  Wyton 

890 

Wyton 

7.4.59 

-3 

100 

93 

AE56 

” 

10.4.59 

+3 

105 

95 

AGIO 

Cottesmore 

20.4.59 

0 

85 

85 

Amo 

"* 

-2 

85 

87 

892 

Honnington 

17.4.59 

+2 

125 

120 

) Checked  on 

A1126 

M 

+10 

105 

8? 

>20.4.59 

631 

Duxford 

O 

+3 

105 

95 

New  Rxs  Makers 

D39 

n 

? 

-5 

105 

115 

Seal  Unbroken 

API 

Waterbeach 

? 

-5 

95 

105 

?  Si  » 

A8 

*’ 

7 

+13 

103 

75 

3391 

Gaydon 

1.1.59 

-2 

80 

82 

1022 

M 

approx; 

20.3.59 

0 

68 

67 

Set  up  at 
Cottesmore 

AL54 

Scaopton 

17.3.59 

-8 

105 

118 

)Checked  on 

AL55 

11 

u 

-20 

105 

140 

>17.4.59 

Hi  7 

Wittering 

7  3.59 

+1 

84 

60 

Checked  on 

F85 

” 

11 

*4 

85 

78 

20.4.59 

1263 

Tangmere 

17.4.59 

+1 

75 

72 

A2(R  1964A) 

M 

20.4.59 

-2 

90 

92 

968 

n 

16.4.59 

0 

78 

78 

791 

Finningley 

20.4.59 

-1 

90 

89 

)Checked  on 

A457 

n 

’* 

t2 

100 

100 

>20.4.59 

AF22 

Waddington 

n 

-7 

126 

112 

J84 

M 

M 

+6 

110 

86 

m 

Biribrook 

25.1.59 

-3 

84 

88 

aa6o 

n 

11 

+2 

88 

80 

822 

Watton 

? 

♦5 

109 

93 

?44 

Odihan 

27.2.59 

-12 

70 

88 

J19 

» 

4.2.59 

-8 

43 

57 

APS 

Stradlshall 

? 

110 

98 

) Makers  unbroken 

AP21 

" 

? 

+1 

99 

91 

Jseal 

(N.B.  /<Aaps  in  this  oolumn  are  approx,  equal  to  ninuteo  of  arc  course  error) 


Given  that  the  airoraft  is  initially  on  a  3°  approach  path  and  is  required 
to  touch  down  at  2  ft./sec.  vertical  velocity  it  is  assumed  that  the  normal 
acceleration  during  the  manoeuvre  is  a  known  constant  value*  The  speed  during 
the  manoeuvre  is  also  assumed  to  be  constant  but  less  than  the  app:  oach  speed 
and  the  value  used  is  obtained  by  taking  a  flight  path  deceleration  of  0*1  g  at 
n  a  1.0*  This  deceleration  is  assumed  to  be  proportional  to  n  over  the  range  of 
values  considered. 


On  these  assumptions  VA  *  ^TD  +  0.1-  ngt  where  t  is  time  for  flare* 


Vf(9  -  go) 

O'  *  1)6 


2.62  x  10“3n  /  , 


fl  - 

\  VTD  / 


where  V^d  is 
expressed  in 
ft./sec^ 


This  expression  is  plotted  in  Pig.  1,  Appendix  I  for  values  of.^ryand  the 
approach  speed  V^. 

The  mean  flare  speed  Vp  is  assumed  to  be  given  by 


This  expression  ie  plotted  in  Fig.  3  for  values  of  n  and  approaoh  speed  Va« 


APR  I.  FIG.  li 


ASSUMPTIONS,- 

FLARE  FROM  3®  APPROACH  TO  2  FT/SEC  VERTICAL  VELOCITY 
AT  TOUCH  DOWN- THE  FLIGHT  PATH  IS  ASSUMED  TO  »C  A 
CIRCULAR  ARC  WITH  CONSTANT  MEAN  SPEED  VA  4-  V TO  AND 
CONSTANT  NORMAL  ACCELERATION,  2” 

THE  MEAN  SPEED  IS  OBTAINED  BY  ASSUMING  THE  FLIGHT  PATH 
DECELERATION  AS  O‘IJ.  AT  TV*  1*0  AND  PROPORTIONAL  TO  IL 


RATIO  OF  APPROACH. 
SPEED  TO  TOUCH- 
DOWN  SPCEO 


Assumptions 

•  Given,  the  tiae  to  oonplete  the  W,  «&£  £& 

(*l).  the.aaxtaua  rate  “^^th’tiie  S  to  the’ea^w  values.  (Atsuned  e<jual 

%££££&£?£  2L  period  depending  on  the  totai 

time  available* 

Cane  (l).  Wo-Traekina  Antf  ■  at  Start  of 'Manoeuvre.  (to  =  <»• 


6*  a  <0  8t  »  V  5t  «  £d  5t 

’  S  v 

In  Xialt  t  * 

H.nc.ya«^(for  +  4tsttUtn4lM) 


Append*  II  cont'a 


In  Jig.  2  it  is  assumed  that  the  -bank  application. from  0  to  1  is  given  by 

(«j*  ---- . 

where  *1  may- equal' w  W  be  less  and'«here^  =  a 


Hence  from 
time 'O'  to  1 


y  -  &  =  ^  ~  «»»  a 

y  =  £*l^t-1.  sin  a  t^  +  Cl 

7 ‘4(1*  *»*“**)*  01 

t  *  o  )  f  „  _  .  ail 

y  a  6  )  ^  2a2 

n 

’'■v  (■■'*-&) 


+  Cjt  +•  C2 


yi  =  «£L 

4 


y,  =  .119  8*  bl2 


y  «  8*1 

y  s  g*l"t  +  Cl 


y  °  g*i  t2  +  C]t  +  c2 

1.0  A  ^  *" 

y  =  y,  =  8*i  M  )  ci  =  «£L£l  y  * 

2  )  2 


t  =0  ) 
y  «  yi  ) 


y2  =  g^1  t2  +  6^1  *i 

2 

yi  »  8*1  *2  +  8*1  *1  *2  +  y, 

2T"  2  ^ 

y2  «  g^  ^>2  ♦  t,  t zj  *  .119  8*1  bl2 . (: 

urn.  2  to  3  It  is  assumed  that  the  bank  application  over  this 
— -  period  is  given  tyr 

4>  *  <h  co*  2t7  *  where  ?  ■  * 


Hence  y»*“S£t  cos  a  t 
2 

£  *  2gfo  sin  a  t  +  Ct 


Y  b  cos  a  t  ♦  Cit  ♦  C* 
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Appendlx  II  conVfl 


y  *  h  =  #h  [*2  *  |lJ  |  Ci  =  sh  {*z  *  y) 


y  =  y2  >  cz*h§g.  +  yz 


y3  =  &<h  ^t2  +  +  4g&  t|2  +  ^t22  +  t,  t2J  *  .149  it, 2 


y3  =  g^  [l.053  ti2  +  .5  t22  +  1.5  t,  t2  j 

i.e*  when  tg  >  (T'$p^ 


yj.=  gfe^i-053  t,2  +  -5  t22  4. 1.5  t,  t2 

when  t2  s  0  ^  a  .<^ 

y3  =  Sfr  ['.053  t,2J 


)■ 


(5) 


(<S) 


The  manoeuvre  is  assumed  to  be  symmetrical  with  the  sane  maximum  angle 
of  bank  used  in  port  and  starboard  directions- hence: 


y 6  =  2 y3 


(i)«  *  ™  is 

From  (l)  py  a  ft  x  sin  (%  *1  )s  at  t  a  *1 

2tT  U2/  2 


Now  assuming  that  the  maximum  rate  of  roll 
this  value  will  be  reached’ in  time  t  =  tj/g 


always  attained. 


(7) 


asi  i  - ■ 

2  «! 

If  T  is  the  total  timo  available  for  the  manoeuvre  then  in  the  general 
case  where  t2  >  0  and  n  <fa 


then  T  «  4  t^  +  2  t£  hence  tg 

where  t.  a  x  dn 
2  PM 

H»nco  yg  «  8*  &  [l.053  t,2  +  .5  t22  +  1.5  t,  t2 
In  the  case  where  ^  «  0  and 

then  *-TA  and  **  — 1 -  Pg  t| 

H*nc»  yg  =  2  S$i  ['.053  t|2J - - 


(8) 


(9) 
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Appendtr  II  cont'd 


Fwo  time  I"1 

to  2^  ff>  -  ^  is  const  a 

y>=  g^1t2  +  C,t  +  C2 

2 

t  =  ° 

)  Ci  =  y  =  y-j1  ]  °2  =  yi 

y  *  sftr.ti1  +  vto 

2 

)  2 

Y21  =  Sft1  t2l2  +  gft1  t, 1  tj1  +  Vfotg1  +  .149g^1t11 

2  +  Ttot,1 

2  2 

ya1  =  shA  A?12  +  ti1t21 )  +  .iwgfcV2  +  v*„  [ 

t,1  +  1 21) 

2  v  /  \ 

—  -  (11) 

From  time  2^ 

to  31  4>  =  cos  /x  t  j  =  <fy1  cos  a  t 

Uv  /  2 

y  =■  -  4gfy1  cos  a  t  +  C-jt  +  C2 
a*  2 

giving  yj1  =  g^1 

Zl.053^12  +  ot2l2  +  1 . 5ti 1 121 )  +  v*0  (at,1  +  t21) 

and  as  before 

when  t2^  >  0 

> 

l[ 

yj1  =  g^n.osjt,12  +  :jt2l2  +  i.5fc11t21]  +  v*0 

(at,1  +  t2‘ 

- 02) 

when  t21  =  0 

*Si "  V 

yj1  =  e*,1  [i.053t.i2j  +  v*0  (at,1)  - 

-  -  -  0?) 

In  general  the  problem  is  to  plot  the  maximum  allowable  sidestep  distance 
(y$)  for  varying  values  of  track  angle  (fc),  assuming  a  constant  speed  (V)  and 
given  total  time  (T)  to  cany  out  the- manoeuvre*  The  maximum  allowable  bank 
angle  (fy)  and  rate  of  roll  (pjj)  will  also  be  given. 

In  order  to  do  this  it  is -necessary  to  consider  particular  oases  as  the 
shape  of  the  curve  of  bank  angle  against  time  will  vary  with  both  the  total 
tine  T  and  also  +0.  With  +0  *  0  and  large  values  of  T  the  distribution  will  be 
symmetrical  with  flat  tops,  as  in  Fig.  2,  where  is  attained,  but  for  small 

values  of  T  the  distribution  will  have  no  constant  portion.  The  offeot  of 
varying  t0  and  T  is  easily  seen  by  considering  Figs.  4  and  5*  In  the  parti¬ 
cular  cases  shown  when  to  a  0  we  have  Case  (1;  already  considered  and  when  to 
has  a  value  as.  indicated  we  hare  Case  (2).  For  the  given  values  of  tj  and 
but  varying  T  then  to  ®*y  have  any  value  up  to  fy  As  to  ^  increased  the 
value  of  t21  will  reduoe  to  "aero  with  tj1  oonstant  a  tj  and  ^1  *  tlf  after 
^2;  h®0®*9*  aero  both  t-jl  end  £j1  will  reduoe  until  they  are  both  aero  wkc- 
to  *  tj»  I»  t£ia  particular  oase  when  to  *  the  bank  acceleration  will' 
initially  be  infinite  but  for.  practical  valuta  of  t0  this  condition  will  not 
normally  be  attoinod. 

Consider  now  the  practical  oase  where  the  total  time  T  is  fixed  then  for 
any  value  of  to  *•  have! 

1  =  2^+  t2:  +  at,1  +  t21 


For  particular  cases  it  will  be  necessary  to  obtain  values  for  tj  t2  V 
and  t21  in  order  to  evaluate  y^  y*1  and  hence  yg.  It  will  thus  be  necessary 
to  obtain  a  relationship  between  t;  t2  t^1  and  ttf.. 

From  equation  (V)  #3  =  2gtj^  +  g£|  |tg  +  J 

hence  a  $3  *  g&  Jl.137t-j  +  t2  )  - "  0*) 

V~  -7  '  ' 

,  ’  Thift  angle  ^3  is  turned  through  in  tine  (2tj  +  t2) 

The  angle. turned  through  in  time  {2t\^  +  tg*)  is-(t3  -  to) 

Hence  (+3  -  t0)  =  gfo1  (t.137^1  ♦  tg1 ) 

V  -  '  ’ 

and  the  required  relationship  between  tg  and  tg^  is: 

eh  ^i.l37t,  ♦  1 2)  r  sfo1  ♦ -Vj  =  +0 - <15) 

Tills  equation  together  with  T  =  2t)  +  tg  +  2t) ^  +  2tg^ 
where  tf  =  *  h(-  *2  *  0aai  h  =  ^ 

and  t,1  a  r.  4%  if  tg1  >  O.M»d  ^  B  4% 


also  if  tg.  =  0  h  =  2P)j  *1 
and  if  tg^  s-0  h^  '=  3?m 

iT 

•enables  the  required  quantities  to  be- dsterainsd  for  all  possible. cases. 

The  method  of.  obtaining  particular  pointe  on  the  y$  ~  +0  boundexy  will  now 
be.deelt  with  in  detail." 

Method  for  obtaining  points  on  yx  ~  boundary  curve 

Given  T,  PH  and  V  it  is  required  to  plot  yg  agsinst  t0. 

It  will  be  found-in  evaluating  the  points'that  the  tiae/jc  ~s 

V5  *  / 

significant  in  dote  raining  the  shape -of  the  bank  angle  distributioncurre  and  . 

,  this  will  be  oalled  the  Crltloal  Tine  (tg). 


■  when  tr  >-f.  (■&.  alwaysUesa'  than  4^) 

1.,  Find  w^ranm.  value  S'  of  -fo  sad  26  (+jj  and  yK) 


A  4  B  are  the  two  Uniting  eases. 

Case  A  only  is  considered  as  case  B 
will  give  the  saae  values, with  the 
opposite  signs.  In  the'  liklting-cases 
all  the  banJc  is  applied- in  one  direction 

*g=-*j  V  =  t^  =  t,  =  0 

T-  =  2t1(  ^  =  2  pyt^ 

hence  yM  =  73  =  (6) 

and  ^  ^1*137^.^  from  (14) 


$taV  L^, 


Note  (In  this  oase  ?  =  «  at  start  of 

manoeuvre,  hence  results  will  be  optimistic; 


A  &  B  are  the  two  possible  oases; 
Case  A  only  is  considered  ns  case  B 
will  give  the  sar.o  value  for  yg  with 
-the  opposite  sign. 

tp  a,  T  =  2  PMbl 

A  * 


;enoe 

y$  =  ±2g£t  ■  ( 1 .053t|  2J  from  (6). 


XI  oont*d 


3.  Find  intermediate  value  a  of  y£  for  <  ♦r.  <  ^ 


For  values  of  there' will' be 

two  possible'  values  -ro'r  yg  depending 
which  way  the  bank  is  made  initially* 
la  case’-A  the  bank  is  to  port  ini¬ 
tially  and  in  case  B  to  starboard. 
The  values  of  yg  for  f0  -ve  will*  be 
the  same  numerically  as  the  +ve  +0 
value s ; but:  having '  the  opposite  sign* 


In  Case  ~A 

t2  =  ta1  =  0, 


T  =  2t,  +  2^" 


sil.io  ^  =  2pm  t,  and  =  2pM  t,1 

“  * 

hence  1.1 37g  x  2pM  (t^2  -  t^2)  =  *0 

~'T~  ~ 

and  subs,  t-j  =  T  -  we  have 
2 

T2  -  Tt,1  a  1.38Vfr„  or  t,1  =  / T  -  1.38fov) - -  (l6> 

r  SPu  ®MT  1 

Honce  yj1  =  j  V  ( 1 .053t1 1 2  )  +  V|0  (at,1)  froa  (13) 

y3  =  g^,  ( 1 .053 1 12)  froa  (6)  aaiyg  =  ^(yj1  ♦  yj) 


In  Case  B 
(Interchanging 
t-*  with  ti'  and 
with  ft1) 


*3* 

y3 


-g^(i.053t,2)+ v+0(at,) 


-Sft1  (l-053t,12) 

/  .  \ 


Using  values 
of  and  ^ 

worked- out  for 


Case  A' 

tg1  =  *1  =  4*  •'  | 

Pm 

■T  =2t^  +  Zt,1  +  t2 

$-1  =  from  (7)  as  PM  const. 

~ 

Prom  (15) 

eh  x  1.137*!  +  Sh}2  -  &tl*  1-137*,1 

—  V  V 

=  +o 

Subs.- for  0,1  and-  tj  we  get 
(t,1)2  ♦  St,1  /  t,  \-t,  x 

^1.137/  1.137 

[  T  -  .863*,  -  W?  )  =  0 

'  «V 

hence  t^1  end  t2 

yj1  *  eh1  (i«053fr|1<1)  *  v+0  (2'fci1 ) 

y3  ”  ^1 .053t)2  *  .5*22  +  1 .5^  t2  j 

y«  'i(y31+y3) 


Case  B 

f0  as  for  oaae  A 

(interchange  tj  with  t^>  t£  with  tg^  and  ^  with  ) 

Then  yj1  «  -gd*  (l.053t,2  +  .5t/  +  US*,^.*  Vf6  (»,  +  t£j 
y,  w-^1l(l.053t112) 

yg  *  i  ( y}‘  *  y%  }  Using  values  of  t.,  to, 

'  '  t,^  and  fcl  worked  out 

for  Case  A. 
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Appendix  II  cont'd 
The  Boundary  can  now  be  plotted.,  and  will  appear  as  below: 


Boundary  when  tu  <  U-  (fy  *  ^  when  i) rQ  =  and  also  when  t0  =  0) 

1.  Find  maximum  values  of  and  yg  (fx  “4  yM ) 

As  for  case  b.1. 


2.  See  ovjr. 


y3  “  +  1,5t1 
yo  3  H  “  i(yi’  +  yj) 


Case  B 

fe  as  for  C&39  A* 

*  t7$  “  +  ♦5t22  ♦  1*5t^t2J  ♦  Vt0  ^2tj  ♦  t2) 

yj  »  -«^(l.053V2) 

yo  *y«.*i(y3'  +yij 

Usin^  Talus s  of 
tj,  t2,  t11  works* 
out  for  Casa  A, 


SK.me.7IS 


SK  H«7*0 
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